EARLY TERTIARY CYCLAMMINA AND HAPLOPHRAGMOIDES 
(FORAMINIFERIDA:LITUOLIDAE) IN SOUTHERN AUSTRALIA 


Бу N. Н. LübpBROOK 


Summary 


LupBRoOK, М. Н, (1977)--Багіу Tertiary Cyclammina and Haplophragmoides (Foramini- 
ferida: Lituolidae) in southern Australia, Trans. К. Soc. S. Aust. 10107), 165-197, 30 


November, 1977. 


The genus Сусіаттіпа is represented in southern Australian Tertiary deposits by five 
species whose internal and external morphologies are described: C. romplanata Chapman, С. 
otwayensis пор, and C. paupera Chapman, which are restricted. to sediments of Palaco- 
cene to Middle Eocene іше. and C. incisa (Stachc) and С. rotundata Chapman & Crespin, 
which usually occur together over a wide geographical range and have з Jong stratigraphic 
range (rom Palaeocenc to Early Miocene. Their palacogcographical and palaeoecologicn| sig- 
nificance und their stratigraphic utility are discussed. 

A species of Haplophragmvides occurring in Late Cretaceous assemblages and with 
Cyelammina in Ihe Palacocene is described as Maplophragmoides taylori пр. 


Introduction 

Since it was first recognised by Chapman 
(1904) in ochreous brown clay from Brown's 
Creek in Victoria, the genus Cyclammina has 
occupied a prominent place in the literature on 
сапу Tertiary sediments of southern Australia. 
lt occurs abundantly and in some parts of the 
sequence, particularly in the Gambier Embay- 
ment of the Otway Basin and ір the Torquay 
Basin, is the dominant and, apart from marine 
dinollagellates, almost the only marine miero- 
fossil occurring іп Palaeacene and Eocene 
paralic silts and sands. In the past, its strati- 
graphic potential was discounted and only 
superlicial attention was paid to its internal 
stiucture, Knowledge of the internal structure 
of Cyelammina species has been greatly 
advanced by the work of Bronnimann (1951), 
Volushinova & Budasheva (1961), Serova 
(1964) and Banner (1966, 1970), 

The present paper is designcd to vindicate 
the early work of Chapman in correctly recog- 
pising the genus Cyclammina, scparable into 
several species, and to support the conclusions 
of Taylor (1965) that the species in the Otway 
Basin have stratigraphic value, Glaessner's view 
(1951) that Cyclanimlna was not u reliable 
index fossil appears to have prompted Baker 
(1953) and Harris (1965) to discount its 
straligraphic potential. Taylor's contention that 
arenaceous forms previously assigned 10 


Cvelammina are, in fact, Haplophragmoides, is 
shown to be based on a misunderstanding ol 
the internal morphology of the species and to 
have heen influenced by bathymetric and 
ecological interpretations. 

Five species of Cyelanimina are recognised. 
С. complanata Chapman, С. incisa (Stache), 
С, otwayensis nspa С. paupera Chapman und 
C. roiundata Chapman & Crespin. A species 
described by Taylor as Maplophraginvides sp. 
B was correctly placed in Haplaphraginoides. 
It occurs in the Late Cretaceous with a small 
benthonic assemblage and in Palacocene assem: 
hlages with Cyclumininu, and іх here named 
and described as Haplophragmoides taylori 
n.sp. 


Abhreviations used are as follows: 


S.A,D.M. Department of Mines, South Aus- 
tralia 

E.&W.S. Engineering and Water Supply 
Department, South Australia 

V.M.D. Mines Department, Victoria 

B P.N.L. Beach Petroleum No Liahility 

O.D.N.L. Oil Development No Liability 

RA, Point Addis Company 

S.E.O.S. South East Oil Syndicate 

CPC Commonwealth — Palaeontolagical 
Collection, Canberra 

GSSA Gcologieal Survey of South Aus- 


tralia Collection 


Chapman’s figures. The specimen figured аз 
Haplophragmium canariense (d'Orbigny) (pl. 
22, fig. 2) is however, not on the slide: the 
specimen on square 2 is not “Н. canariense”, 
as indicated on the slide, but а distorted 
juvenile of Cyclammina complanata. 

Chapman & Crespin (1930) described 
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GSM Geological Survey of Victoria Col- 
lection 
NMV National Museum of Victoria Col- 
lection 
WAM Western Australian Muscum Col- 
lection 
NZGS Geological Survey of New Zealand 
Collection 


Historical records of Cyclammina in southern 
Australia 

Chapman (1904) recorded Haplophrag- 
mium latidorsatum (Bornemann), Н. glomera- 
шт Brady and Н. canarieuse (d’Orbigny)— 
and described Cyclamimina complanata and С. 
panpera—from Brown's Creek. His sample was 
collected by Kitson from a locality between 
Rotten Point and the mouth of the Johanna 
River 13.6 km northwest of Cape Otway, Port 
Campbell Embayment of the Otway Basin, in 
the lower 1.3 m of the Johanna River Sands 
(sec map and scction, Carter 1958, p. 8). In 
the section exposed between Rotten Point and 
Brown's Creek described as Section 28 by Rag- 
вай and Crespin (1955, р. 134), the lowest 
25.6 m (84 feet) comprise the Rotten Point 
Sands, and the ovcrlying 24.4 m (80 feet) thc 
Johanna River Sands (Carter 1958, p. 10) 
from the 0.6 m (2 feet) bed of "grey to 
purplish-brown shale with Cyclammina” of 
which Chapman's material is presumed to have 
been collected (Carter 1958, р. 10; Taylor 
1965, p. 151). 

Taylor (1965, p. 157) considered that the 
presence of С. complanata and С. paupera gave 
evidence of a Palaeocene age for the lower part 
of the Johanna River Sands, and, while this is 
possible, there is no firm supporting evidence. 
and the age could be somewhat younger. Some 
support for an age younger than Palacocene is 
given by Harris's (1971, р. 83) recognition of 
his Proteacidites pachypolus Zonule (Middle 
Eocene, P10 to P13 of Blow, 1969) (McGow- 
ran et al. 1971, Enclosure 14.1) in dark 
purple to black carbonaceous silts, sands 
and clays he referred to the Johanna River 
Sands, without identifying the sediments with 
those described by Carter (1958). Harris 
reported that derived Palaeocene species were 
also present. However, preservation of the 
Cyclammina spp. described by Chapman 
(1904) is such that it is unlikely that they were 
derived from older sediments. 

Chapman’s figured specimens (1904. pl. 22) 
are, With one exception, mounted on NMV 
Slide P26049; they are clearly identifiable from 


C yclammina rotundata and С. longicompressa 
from subsurface micaceous marls (Micaceous 
Marl Member of Carter 1964, pp. 22, 58. 
Table 1) now renamed the Mctung Marl Mem- 
ber (Hocking 1976, p. 259) of the Lakes 
Entrance Formation. The association of 
Cyclammina species with Victoriella conoidea 
and Almaena gippslandica (Carter 1964, pp. 
22, 56) establishes an Oligocene to Early 
Miocene age (Janjukian Stage) for the unit, 
Globigerina euapertura zone of Ludbrook & 
Lindsay (1969) equivalent to P21 (=N2) to 
N4 of Blow (1969). 

Chapman & Crespin (1932) recorded 
Cyclammina incisa (Stache) from the same 
unit. 

Parr (1938) briefly described Cyclammina 
incisa (Stache) from sediments he believed to 
be of Late Eocene age from deep borings in 
King's Park, Perth, but which are now defined 
as the King's Park Shale, of Palacocene age 
(McGowran 1964). 

Singleton (1941) erected the Anglesean 
Stage for “the interval of time represented by 
the deposition of the dark-coloured sands with 
Cyclammina of cliff sections between Anglesea 
and Point Addis", which he considered to be of 
Oligocene age. However, Singleton (p. 13 and 
correlation chart) correlated other not neces- 
sarily contemporaneous Cyclunmina-bearing 
carbonaceous sands with those at Anglesca. 

Crespin (1943) recorded in detail the distri- 
bution and stratigraphic range of Cyclammina 
incisa, C. rotundata and C. longicompressa (— 
C. incisa) in subsurface sediments of the 
Gippsland Basin, Cyclaminina incisa being 
sclected as the zone fossil for the Janjukian 
Lakes Entrance Formation in which it was said 
to be persistent (Crespin 1943, pp. 8, 10, 13, 
78, Table 1). 

Crespin (1950, p. 72, pl. 10, figs 3, 4, 5a, b) 
described species occurring in the stratotypc 
Anglesean at Demon's Bluff. The specimen 
figured as C. paupera (pl. 10, fig. 4) appears 
to be an immature C. fucisa, and not C. pan- 
pera as interpreted by Taylor (1965, p. 151, fig. 
4 (la, b)) and in the present paper. 

Baker (1953) recorded Cyclanunina from 
the Princetown Member of the Dilwyn Forma- 
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пап, According to Harris (1965, р, 78) palyno- 
logigul evidence indicated a Late Palacocene 
age for this member, and the possibility of 
the mierofloral zonule present in the upper рагі 
of the Dilwyn Formation being as young as 
Early Eocene was not excluded (Taylor in 
Singleton. 1968, 1973, р, 116); Harris 1971, 
pp. 70, 78; Taylor 1971, p. 226). The Prince- 
town Member contains Planororalites cf, 
preudomenardii (Taylor іп Singleton 1968, 
1973, p. 116) and à latest Palaeocene to Early 
Eocene age (latest Рб to P7) is indicated 
(MeCGiawran et al, 1971, Enclosure 14.1), 

Карда! & Crespin (1955) defined the 
Demon's Bluff Formation іп which C'yelan- 
ming was the dominant and abundant form in 
exposures of the formation between Torguay 
and Eastern View in the Torquay Basin, 

From palynological data presented Бу Hay 
ris (1971, pp. 72, 84), the microflora of the 
Demon's Bluff Formation falls within hus 
Triorirey magnificus zonule, which in its full 
range 15 equivalent to upper  Giphigerapsis 
index index to "Turhorotalia’ aculeata plank- 
tonic foraminiferal zones of Ludbrook and 
Lindsay (1969) corresponding fo РІЗ to PIG 
of Blow (1969) and of lute Middle to Late 
Eocene age (McGowran et al, 1971, Enclosure 
14,1). Sinpleton’s (1968, 1973, р. 116] chari 
would indicate a Late Eocene age, PLA 10 PLT, 
and Abele et al. (1976, p, 232) a Late Eocene 
to Karly Oligocene age for the Anglesea Metn- 
ber. 

Ludbrook (1963) reported Сүсаттіпе аһ 
һе well-represented in the early Tertiary of 
the Gambier Embuynent, 

Taylor (1965) in studies of subsurface sedi- 
ments of the Port Campbell Embaynrent, 
claimed {hil the genus had been misinterpreted 


and that apparent labyrinthie internal structures 
were not primary morphological features but 
the result of replacement of agglutinating 
cement by pyrite, and that quartz plucking was 
responsible for а cancellate appearance of the 
wall surface (Taylor 1965, р. 9), Using 
evidence that the living € velammina cancellata 
Brady was restricled lo depths greater than 100 
metres und that the Cvelammino-beuring sedi- 
ments of the Otway Basin were laid down 
under fairly shallow shelf to estuarine condi- 
tons, so that the presence of Cyclananina in 
the Dilwyn Formation would be contrary to 
environmental interpretations (р. 158), Taylor 
transferred the species previously recorded іп 
C\clummina to Haplopliragmoides. Untor- 
tunately. Taylor's reclassification was accepted 
by other workers such as McGowran (1965. р, 
18), Singlelon (1968, 1973, р. 117). Banner 
(1970. р. 277) and Harris (1971, рр. SO, 83, 
84), and the significance of Cyclaminina in the 
Australian early Tertiary was temporarily 
pliced in abeyance, Taylor, however, demon- 
strated mainly from subsurface sections that 
the Cyclammina (Maplophragmoides”) species 
had characteristic stratigraphic ranges, In this 
he is supported in the present paper. 

Ludbrook (1971) usserted that the species 
were correctly placed in Cyélommina Ву 
prévjous authors. MeGowran (1973) recorded 
a Cyclammina Facies in the Lacepede Forma- 
tion. Lindsay & Bonnett (1973) recorded and 
hagured. "Суса ef, ¿cua trom subsur- 
face sediments of Oligocene age in the 
Waikene urea of the Murray Basin, 

Cockbain (1974) described and figured, 
including а thin section. Cvelarimina ineiva 
from the Late Eocene Pallinup Siltstonc, 
Plantagenet Group, southwestern Australia. 


PLALE | 


Figs 5-8. 13. Crelammina incisa (Stache), Fig 5—GSSA Ff597..O,D.N.L. Mt Salt No. |, 019-942 


m. Dartmoor Formation, Pulacocene to Early Eocene, X46. Fig. 6—GSSA F596, E, & W.S. 
Kingston No, 3, 65.2-69,2 т, Lacepede Formation, Late Eocene. umbilical view, X30. Fig 7 
—GSSA Ff596. E, & WS Kingston No. 3, 65.2-69.2 пі, Lacepede Formation. Late Eocene, 
üpermitul view, 30, Fig 8--GSSA FIS99, O.D.N.L. Mt Salt No. |, 777-780 m, Dartmoor 
Formation. Palaeocene to Eurly Eocene, Х50 Fig. (3—GSSA Ff603, O D.N L. Mt Salt No, 
1, 750-753 т. Dartmoor Formation, Palueocene to Early Eocene, natural dissection, View 
into chamber lumina showing hypodermal alveolae in walls of two chambers, X46. 


Figs 9 12, 14-17, Сусінттінш rotundata Chapman & Crespin. Fig, 9— GSSA Ff613. O D.N1. Mi 


Salt No. І, 966-969 m, Dartmoor Formation. Pulueotene to Early Focene, NSU. Fig. [0-- 
OSSA РІбІ2. B.P.N.L. Geltwood Beach No. 1, 454 m, Tartwaup Formation, Middle Eocene, 
N30. Fig. 1! —GSSA^ Ff616c, Demon's Bluff Formation, Demon's Bluff, Lute Eocene, show- 
ing very smüll areal apertures on the left side. X50. Бір. 12—GSSA Ff616b, Demon's Bluff 
Formation, Late Eocene. showing slight lip on aperture, X50. Fig. [4— GSSA Ff611. 
S.A D.M, Waikerie Bore 28W, 146,3-147,8 m. Ettrick Formation, Oligocene. juvenile speci- 
men showing shorl орел aperture, X50. Fig 1S—GSSA F612, BRN LO Geltwood Beach 
No 1, 453 m. Тиги Formation, Middle Eocene, umbilical view. X30. Fig. 16--GSSA 
FEIZ. apertura! view, X30. Fig. 17--085А Fí6l. umbilical view, X3. 
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Figure 1. 


and recognised the pertinence of Robinson's 
(1970) observations to the apparent dis- 
crepancy between records of Cyclammina in 
early ‘Tertiary shallow water deposits and the 
predominantly decp water depth range of the 
genus. 

Quilty (1974) briefly described and figured, 
including a thin section, Cyclammina cf. incisa 
from Fossil Bluff, south of Table Cape. Tas- 
mania. 


Source е? material 


Details of the localities shown in Figure 1 
are as follows: 


76-734 SA Departmen cl Mines 


Map showing Cyclammina localities. 


Outcrops 


1. Glenelg River, 2.4 km downstream fram Kil- 
lara Bridge, 14 km SW of Casterton, HAMILTON 
1:250 000 geological map sheet, 277395675, 
14171723" E, Gambier Embayment, Otway Basin, 
base of Dartmoor Formation, Palaeocene to Early 
Eocene (see Casterton 1:63 360 geological map 
sheet). 

2. Brown's Creek, between Rotten Point and 
mouth of Johanna River, 13.6 km NW of Cape 
Otway, COLAC 1:250 000 geological map sheet, 
38746722275, 143723']4"E, Port Campbell Em- 
bayment, Otway Basin, base of Johanna River 
Sands, ?Palaeocene to Early Eocene (section des- 
cribed by Raggatt & Crespin 1955, p. 134). 
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3. Castle Cove, LO km NW of Cape Olway, 


COLAC 1250000 geological тар sheet, 
38:47 1475. 143-2635 E, Port Campbell Em- 
hayment, Olwiy Basin, Johanna River Sands, 


Middle to Late Eottne (see Carter 1958. р. 13; 
Ahele et ul. 1976, р. 224). 

4. Mogg's Creek, 4 km F of Eastern View, 
QUEENSCEIFF 1:250 000 geological map sheet, 
32872871578) 1445041197Е, Torquay = Basin, 
Demons Blut Formation, Late Eocene (section 
described hy Raggatt & Crespin 1955. р. 108), 

5. Demon's Bluff, Anglesea, QUEENSCLIFF 
1:250 000 geological map sheet, 38:24 36 S, 
144°11°39° БЕ, Torquay Basin, Anglesea Member, 
Démons Bluff Formation, Late Eocene (section 
described Бу Raggatt & Crespin 1955, рр. 113- 
117) 

6. Fossil Bluff, Tahle Cape, BURNIE 1:250 000 
meologiea] map sheet, 40"58'55"78, 145744 54 Е, 
Bass Basin, Freestone Cove Sandstone, Table 
Cape Group, Early Miocene М4/5 (Quilty 1974 
p.33). 


Borcholes and Wells 
7. King's Park Borcs | апа 2, Perth. РЕКІН 
1:250 000 geological тар sheet, 217585, 
115 5D E, Perth Basin, King's Park Shale, Pilaeo- 
çene (McGowran 1964). 


8. South Stirling. Water Bore, Plantagenet Loca- 
uon 5666. ncar South Stirling, 20 km S of Slir- 
ling Range, MOUNT BARKER 1:250 040 map 
sheet, 247365, 118"08/20"E, at 12-21 m depth. 
Bremer Basin, Pallinup опе, Plantagenet 
Croup, Late Eocene (Cockbain 1974). 

J, SADM. Adelaide, New Morphett Street and 
Victoria Bridges, Bore 11, Adelaide Railway Sta- 
Поп 25-25.6 m; Bore 12, south bank Torrens 


Lake 16.76-17 m; ADELAIDE 1:250000 map 
sheet, 34:95 4179, 138°7502°Е. 51 Vincent 
Basin, Adelaide Plains Sub-Basin, nndilferentiated 
Yortuchilla Limestone-Blanche Point Transitional 
Marl, Late Eucene (Lindsay 1969, рр, 54, 59). 
10. SAD.M, "Carclew", Narth Adelaide, section 
1,4749, hundred of Vatsla, ADELAIDE 1:250 000 
peological map sheet, 34755724785, 138°45'02"E, 
19. 8-19.90 m, St Vincent Basin. Adelaide Plains 
Sub-Basin, Blanche Point Banded Marl, Late 
Eocene (lindsay 1969, рр. 33, 58), 

11. S.A.D.M, Observation Bore Р, Port Gawler, 
T/A, hundred ot Port Gawler, ADELAIDE 
1,230 000 geological map sheet, 3445 49 5, 
138?27'E, 2953-2945 m, St Vincent Basin, Ade- 
luide Plains Sub-Basin. Blanche Point Banded 
Marl, Late Eocene (Lindsay 1969, pp. 52, 55). 


12, S.A.D.M, Waikerie Bore 2, section 692, hün- 
dred of Waikeric, 36 km SSW of Waikerie, 149 
m; Hore 28W, section $53, himdred of Waikerie, 
2.5 km southwest of Wajkerie, 146-148 пі. REN- 
MARK 1:250 000 geological map  sheel, 
34°13°18°5, 139^5730" E, Murray Basin, "glau- 
gonitic clay unit", Etlrick Formation, Oligocene 
(Lindsay & Bonnett 1973), 

13, Е. & W.S. Coonalpyn No. 1, section 56, him- 
dred of Coneyheer, PINNAROO 1:250 000 geo- 
logical map sheet, 35^41'05"S, 139*49'53"E, 
69-71 m. 105-107 m, Murray Basin, Buccleuch 
Heds. А, B, Late Eocene (Ludbrook 1961. pp. 16, 
17)- 

14. E. & W.S. Kingston No. 3, section 274, hun- 
dred of Lacepede, NARACOORTE 1:250 000 
geological map sheet, 2675175, 137°51 E, 652- 
692 т. Gambier Embayment, Otway Basin, 
Lacépede Formation. Late Eocene (Ludbrook 
1971. pp. 56. 581. 
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Figs 18-20. Haplophragmoides taylori psp. Fig. 18—Holotype GSM 64829 (1), La Trobe No. 1 Well, 
292.4] m, Dilwyn Formation, Palaeocene to Early Focene, X48. Fig. 19-—Paratype GSM 


64829 (5) Wangoom No. 6. Core 12, 596-601 


m. Dilwyn Formation, ?Early Eocene, 


umbilical view, X48, Fig. 20—Paratype GSM 64829 (5), apertural view. X48. 

Figs 21, 22, 26, 27. Сусіаттіпа puupera Chapman Fig. 21—Topotype GSM 64828 (131, Brown's 
Creek, base of Johanna River Sands, ?Palseocene to Early Eocene, X50. Fig. 22—GSSA 
Ff607 V.M.D, La Trobe No. 1, Core at 298.7 іт, Dilwyn Formation, Palaeocene to Early 


Eocene. umbilical view, X50. Fig. 26--С85А Ff616, V,M.D. La Trobe No. 1, 
Dilwyn Formation, Palaeocene to Early Eocene, apertura] view, X90, Fig. 27— 
1, 954-057 т, 


2987 m. 
GSSA Ff650, O.D.N.L. Мі Salt No. 
T Early Gocene, X90. 
rigs 


Core з! 


Dartmoor Formation, Palseocene lo 


23-25. Cyclammina aiweyensis nsp, Fla. 23—Holotype GSSA Ff(60R, Glenelg River, base ot 


Dartmoor Formation, Palaeocene to Early Eocene, X50, Fig. 24—Paratype GSSA Ff609. 
V.M.D La Trobe No. 1, Core at 2987 т. Dilwyn Formation, Palaeocene to Early Eocene, 
X50. Fig. 25—Paratype GSSA Ff610, V.M.D, La Trobe No. 1, Core al 298.7 m, Dilwyn For- 


mation, Palaeocene to Early Босепе, X50 


Figs 28-30. Cvelammina complanata Chapman. Fig 28—GSSA Ff593, SEOS. Beachport No, 1, 
602-604 m, ?cavings from Dartmoor Formation, Palaeocene, showing appearance of distal 
ends of alveolae as seen through the epidermis and after erosion of epidermis, Х40 Fig. 
29—GSSA F1594 S.E.O.S. Reachport No. 1, 561—663 m, ?cavings from Dartmoor Forma- 
tion. Palaeocene, showing areal apertures and thin, fine-grained epidermis with distal ends 
of alveolae exposed by erosion of epidermis, X37. Fiy, 30-—GSSA Ff594, X26. 
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15. SEOS. Beachport No. 1. section 20, hundred 
of Lake George, PENOLA 1-250 000 geological 
map sheet, 37“926 5575, (40:02 157, Gambier 
Embayment, Otway Basin; 238-240 m Ganbier 
limestone, Late Eocene; 259-271 пу Lacepede 
Formation, Late Eocene: 511-417 m Tartwaup 
Formation. Middle Eocene: 543-546 m Darimoor 
Formation, Palaeocene l0 Early Eocene; 602-663 
m "cavings from overlying Dartmoor Formation 
(Ludbrook 1971, рр, 52, 56). 


16, B.P,N.L. Geltwood Beach No. 1, section 157. 
hundred of Маушта, PENOLA 1:250 000 geo- 
logical mapsheet, 27729724785, 14071435" E, Gam- 
bier Emhayment, Otway Basin; 238-277 m Gam- 
ter Limestone, lite Eocene; 454 m Tartwaup 
Formation, Middle Focene (Ludbrook 1971, pp. 
52, 56). 

17. O.D.N.L. Mt Salt No. 1, section 783, hundred 
of MacDonnell, PENOLA 1:250 000 geological 
map sheet. 37737257S. 140737'43"E, Gambier 
Гіпһауілелі, Otway Basin. 585-954 m Dartmoor 
Formation, Palaeocene to Early Eocene; 954-972 
т БаһшаПаһ Formation, Pulaemcene (Ludbrook 
1971. рр 52, 56). 

18, SAM Р. CGY, County Grey lignite inves- 
Пшайопз, section 5819, hundred of Young 
PENOLA 1:250 000 geological map sheet, 
A7 444975, 140°37'54*E, Gambier Embayment, 
Otway Basin. 28.96-29.26 m, Burrungule Member. 
Tarlwaup Formation, Middle Focene (Harris 
1966, р. 2, 1971, p. 81). 

19 VMD, Wahgoom Мо, 6, Warrnambool, water 
exploration bore, PORTLAND 1:250000 geo- 
Ingical map sheet, 38235, 142725" I8" Е, Tyren- 
darra Bmbüyment, Otway Basin, Core 12. 596- 
601 nj Dilwyn Formation, "Early Eocene (Glenic 
1971, Enclosure 13.6), 

20, V.M.D. Laung No. 1, 28 km east of Würr- 


mambool water exploration bore, COLAC 
1250000 geological map sheet, 387235, 
1424833 E, Tyrendarra Embaymeni, Olway 


Basin. Core 12, 654-656 m, Nirrända Sub-Group, 
Naruwaturk Marl Late Eocene (Taylar 1965, 
Пр, 5, р. 155; Glenie 1971, Enclosure 13.2). 

21. VMD. Га Trobe Мо, I Princetown, COLAC 
1:250 (00. geological тар sheet, 287414975. 
141 (049 Б. Port Campbell Embayment, Otway 
Basin, 1976-1987 m Dilwyn Formation, Palaeo- 
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cené to Early Eocene (Taylor 1965, Fig. 3, p. 
155; Glenie 1971, Enclosure 14,2). 
22, ВАС. Nu, І Bore Parish of Bumberrah, 
Metung, BAIRNSDALE  1:250000 geological 
Map sheel, 37'5334"S, 137^50'14" B, Gippsland 
Basin, 394,7 m Lakes Entrance Formation, Oliga- 
сеце, 

Stratigraphic utility 

Allowing for differences in nomenclature and 
taxonomic interpretation, Table 3 gives support 
to the data presented by Taylor (1965, p. 155, 
fig, 5), Palacocene to Middle Eocene faunas 
arc represented by three species: C. vom- 
planata, С. otwayensis апа C. paupera, These 
species are not found in Late Eocene ta Mio- 
cene sediments where only the long-rauging €, 
incisa and С. rerundata occur. 

The stratigraphic relationships of the 
Cyclammina-bearing formations are shown in 
Figure 2. For the Otway Basin, the chart has 
been considerably simplified and for the Aire 
District slightly modified from those presented 
by Abele et al. (1976) which should be con- 
sulted for greater detail and for illustration of 
the diachronous relationships between most of 
the formations. The position of the Glen Aire 
Clay approximates to that expressed by Lud- 
brook & Lindsay (1969, р. 371). The name 
"Knight" (Sprigg 1952; Sprigg & Boutakoff 
1953) has been retained for Ihe Group of Early 
Tertiary non-marine and paralic sediments of 
the Gambier Embayment, in conformity with 
its continued. use by the South Australian 
Department of Mines іп hydrogeological 
studies of (he Embayment und its use by most 
withors (Kenley, Rochow, Ludbrook, Taylor) 
im the Bulletin on the Otway Basin ( Wopfner 
& Douglas 1971) and on the geological maps 
uccompanving the Bulletin, И is beyond the 
scope of the present paper to disentangle the 
nomenclatural priorities of the units camprising 
the Knight and  Wangerüp (Baker 1950) 
Groups which have already been discussed m 
seme length bv Kenley (1971), Glenie (1971) 


PLATE 3 


Pies 71-35, Ovolummuna ineisu. (Sruche). Fig. 31- GSSA ЕГ621. Demon's Bluth Formation, Demon's 
Hlutf, Late Eocene, microspheric specimen. equatorial section, X30. Fig 32—GSSA Ff62], 
enlargement of part of list whorl showing hypodermal and septal alvealac, X75. Fig, 331— 
GSSA FESI. Demon's Bluff Formation, Мова» Creek, Late Eocene, microspheric speci- 


men. equatorial section, X13. Fig. 34-—6 5884 Ff644, Demon's 


Blulf Formation, Demon's 


Bluff, Late Eocene microspheric specimienm. equatorial section, X73. Fig 35—GSSA FiI632. 


B.P.N.L. Geltwood Beach No. | 


274-277 


іп, base of Gambier Limestone, Late Fuvene. 


part of 2 chambers of collapsed specimen, equatorial section, X75. 


Vig 36 


equutarinl есеп, X75. 


гога оп, 


Cy {анинин rotundata Chapman & Crespin (70. incisa (Stiche). GSSA FRS, SEOS. 
Buaehport No. 1. 262-265 m, Lacepede 


Inte Focene, mierospheric specimen, 
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EARLY TERTIARY 
and Abele et al. (1976). Until the lithological 
and palacontologicul relationships of all the 
unis ob the two groups are fully defined, it 
seems desirable to retain the nomenclature tur- 
rent for the Gamhier and Port Сатре 
Embityments ts shown in Figure 2, 


Sectioning techniques 

On the whole, specimens of Cyelümimia 
from the southern Australian Тегпагу are 
abundant and reasonably well-preserved. Dis- 
lornion is relatively uncommon, and, apart From 
pyrite infilling, most tests have not been sub- 
jecled to chemical action such as the secondary 
silicifieation described hy Serova (1964). They 
are, nonetheless, difficult ta section singe the 
original cementing material was very thin, 
apparently organic (see pl. 4, fig, 43). and 
usually not preserved at all, particularly in out. 
crop specimens, real care has to be exercised 
to avoid quickly reducing the specimen to an 
unrecagnisable mass of quürtz grains, 

Serova (1964) distinguished. between hall 
seclions or "grinds" (shlifovanival achieved 
by grinding down to the equatorial plume 40 
that the internal structures are viewed in direct 
lieht (see Serova 1964, pls. 2 and 3), and thin 
sections (shlify) completed in the normal way 
by turning the specimen over and grinding the 
ether side, the result being viewed by trans- 
mitted hight (see Serova pls. 4 ro 7) 

Taylor's figures (1965, р. 146, fig. 2) were 
druwn from dissected specimens (В) or 
"prinds" (a, €, d, "thick sections” of Taylor), 
No thin sections were cut. 

The first problem encountered in sectioning 
is tó Keep the specimens intact and to prevent 
Ihe agglutinated quartz grains from dispersing 
during the gtinding process. Sectioning was 
döne under the microscope, Using one ground 
glass slide, wilh or without grinding powder, to 
gond the specimen mounted іп Lakeside 
Cement on the other, The spécimen was kept 
under constant observation during grinding, 
and at the first sign of u break through the 
cement to the test wall, the slide was reheated 
and the cement redistributed over the specimen 
hy fine needle, filling any exposed cavities 
This method of recementation was continued 
throughout the sectioning process, and turning 
the specimen over for erinding was done while 
the specimen was completely immersed in the 
heated mounting medium. Аг по stage was 
grinding done on uncemented test wall or on 
empty chamber lumina, Any surplus cement 
was removed when sectioning was completed 
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and а drop of Xam placed on the specimen 
before covering with the cover «bp. The most 
successful sections were those of specimens in 
which the organic lining of the chambers and 
alveolue were preserved (рі. 4, fig. 43) or 
where the chamber lumina and alveolue had 
heen filled with pyrite and organic material (pl. 
4, figs 37-42). No distorted specimens were 
used, 


Morphology 


Species show a wide runge of development 
from the quile simple to non-alveolur structuré 
of Cyclummine ранреға lo the highly- 
developed alveolar structure of © complanata. 
Both of these extremes are present in Palaco- 
cene sediments. and the only evidence of 
evolutionary development is thal both the 
simple and the highly-developed forms do not 
persist beyond the Middle Eocene. The internal 
structures became clear only when thin sections 
ure cut, though SEM photographs are valuable 
aids, Externally, species can he quite difficult 
to separate, as they almost all appear to inter- 
grade, Considered at the adult well-developed 
end of the dimensional range, species are Fuirly 
readily separated frum ane another, hut some 
populations contain à high percentage ot 
immature individuals which, without the aid of 
thin sections. are specifically identifiable: with 
only a mild. degree of confidence, The overlap 
of species determined on their external fealures 
and plotted according to their relative dimen- 
sions (diameter/thickoess) is clear from Figure 
3, and rhe overlap of three of the species when 
the average diameter of the measured speci- 
mens 18 plotted against the number of chambers 
in the last whorl (Fig. 4). 

Overlap is particularly the case with €. інсіха 
and C, retundara, which invatiahly occur 
together, and with С. complanata and C, incisa, 
which frequently occur together. As specimens 
identified as С. incha оссиг over the whole 
stratigraphic range ( Palaeocene to Miocene) nt 
fossil Cyelamminu in southern Australia апа it 
is not practicuble to cut thin sections ta con- 
tirm the identity of all the specimens, its range 
may perhaps be open to question; the species 
has à Known range of Eocene and Oligocene in 
New Zealand (Mornibrook 1971). С. інсіха 
has been described ay a "common Oligo-Mio- 
cene species of the tircum-Pacific region" 
(Chang 1953) and recorded by several authors 
from the nerthern Pacific. margin (Asano 
1951, p, 6, figs 18, 19: Voloshinova & Buda- 
sheva 1961. p. 207. pl 10. figs la, Ib, За, da, 
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db; Chang 1954, р. 34. pl. 3, figs 3-10; Chang 
1956. pl IL figs 6 8). but it has not been pos- 
sible im the present study ta confirm these 
peeords, 

Diaynustic external characters 

Measurable parameters are tabulated in 
Table | and shown graphically in Figures 3 and 
4, The 172 specimens of С, olwayensiy 
measured are representative of some 600 indi- 
viduals all of approximately the same dimen- 
sons. 

C, complanata has а large, Nattened, 
discoidal test, partly evolute, with 15 to 16 
chambers in the last whorl of the fully-grown 
adult and slightly sinuate sutures. [t has а thin 
epidermis through which the alveolar. hypo: 
dermal structure appears as а fine punetate to 
vermiform pattern (pl, 2. figs 28, 29). The 
apertural face is high, laterally flattened. with 
large supplementary apertures (pl. 2, figs 29, 
MI). 

€ incisa when fully developed and undis. 
toned has a moderately large biconves involute 
test compressed at the peripherv with 11 to 12 
chambers in the last whorl. straight sutures. and 
a fine-grained epidermis with scattered large 
quartz grains. The apertural face is moderately 
high und. covered with coarse quartz grains. 
Supplementary areal apertures are sometimes 
visible between the grains (pl. |. бр. 7, pl. 6. 
figs 47-49). 

С. onvevensts is a small, biconvex, rather 
inflated species with usually 8 to 9 chambers 
in the fast whorl, а thin epidermis through 
which the distal ends of the alveolae are visible 
m 2 or 3 radiating series in cach chamber. The 
apertural face is a fairly high rounded arch: 


small supplementary areal apertures are some- 
times visible, 

С. paupere is conspicuous іп a population ns 
а small, fattened, biconvex, commonly 
collapsed pauperate test with Я to 10 chambers 
in the last whorl and a very fine-grained chum- 
ber wall. Alveolae are visible through the epi- 
dermis in the holotype and topotypes, but more 
commonly the alveolar hypodermis appears 
not to have developed (pl. 4, fig, 37). It would 
appear to be a primitive type of Cvelammina 
similar to the small species close to C. elegans 
figured by Banner (1970. pl. 13. figs І. la). 
notable for the absence of  supra-apertural 
топе. 

C. rotundata is a large, inflated species, with 
a coarse-grained chamber wall and 8 to 11 
chambers in the last whorl of ihe lully-grown 
adult. The apertural face is a low broad areh 
at all stages of development (pl, 1, figs 10, 11, 
12, 14, 16): arcal apertures are frequently 
visible between the the coarse quartz grains 
which cover the {асе (pl. 1, fig. 11). 

Diagnostic Internal characters 

Purameters measurable from Ihin sections 
are shown in Table 2. 

Almost the complete range of morphological 
variation illustrated hy Banner (1970, pl, 13) 
is present in the five species. The structure of 
the hypodermis of southern Australian C velum 
mina is alveolar, as described for the type 
species Сусаннніпа cancellare Brady hy 
authors such as Bronnimann (1951), Serova 
(1964) and Banner (1970), and not lubvrin- 
thic as the genus has been conventionally 
described (e.g. by Loeblich aud Tappan 1964). 
The septal walls are perforated by septal arcal 
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Fig, 27, Cvelammina paupera Chapman, GSSA F1649, V.M.D, La Trobe No. 


I, 298.7 m Dilwyn 


Formation, Palaeocene to Early Eocene, microspherie specimen; the black areas are pyrite 


y 


Figs 18-40. Cyclammina otwayensis пар. Fig. 38--GSSA Ff648. V.M.D. La Trobe Мо. І. 298.7 m, 
Dilwyn Formation, Palaeocene to Early Eocene, meguspheric specimen: black dreas pyrite, 


X75. Fig. 49—GSSA Ff636, V.M.D. La Trobe No, 1. 
vene to Early Hocene, vertical section; black 


298.7 m. Dilwyn Pormation, Palaco- 
pyrite, X75, Fig, 40—QGSSA Ff637, 


атса» 


V.M.D. La Trobe No, 1, 298.7 m, Dilwyn Formation, Palacocene to Early Eocene, micto- 


spheric specimen; black areas 
Figs 41-44, Сусіаттіпа complanata 


yrite, X75. 
hapman, Fig. 41. CSSA Ff627, O.D.N_L. Mt Salt No. 1, 881- 


884 т. Dartmoor Formation Palacocene to Early Eocene, juvenile specimen; black areas 
pyrite. X75. Fig. 42—GSSA FI631. O.D.N.L. Mt Salt No. 1, 917-920 m. Dartmoor Forma: 
Поп, Palaeocene to Early Eocene. juvenile, X75. Fig. 43 GSSA Ff623, 5.Е.О.5. Beachport 
No. 1, 411-414 лі, Tartwaup Formation, Middle Eocene, part of Vertical section showing 
organic lining of alveolac, some ругие in lumina and openings of alveolae into chamber 
lumina, but alveolae mostly free of pyrile, X75. Fig. 44—-GSSA F619, S.E.O.S. Beachport 
No. h 651-652 m, ?cavings from Dartmoor Formation, Palaeocene, microspheric specimen, 
equatorial section, alveolae mostly free of pyrite which is in the form of scattered small 
ruins and ane small aggregate indicated Ву the black patch between rhe tenth and eleventli 


chambers af the last whorl, X30. 
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apertures (pl. 3, fig, 32) similar to those illus- 
trated for СусТаттніна сЁ. elegans Cushman & 
Jarvis (Banner 1970, pl. 13, fig. 1a). 


Each species has a distinchve alveolar pat- 
tern) when Fully developed. although there is 
the same range of intergradation as that 
presented by Lhe external features. 

€. paupera is a primitive type with a thin 
epidermis and а simple alveolar or non-alveolar 
hypodermis: the chamber lumina are widely 
Open and in successive whorls are only slightly, 
if at all, offset as shown in equatorial section 
where the overall pattern is of unbroken radii 
(pl 4, fig. 37). С patipera appears to he of 
the type of Cyclummina cf. elegans Cushman & 
Jarvis us illustrated by Banner (1970. pl. 13, 
tus |, Та). 

C. incisa js similar in structure to the type 
species С. cancellata Brady. The chamber 
lumina аге widely open, separated by rather 
Massive septal walls about equal in width to 
the interseptal width of the chamber lumina 
(pl 3, figs 31-34 and Cockbain 1974, fig. 
670). the alveolar pattern of the hypodermis 
is somewhat more advanced than that of С, 
cancellata, consistine of simple, more-or-less 
parallel tubes opening inte the chamber lumina 
(pl. 3, fig, 33; pl. 5. fig 46; pl. 7, fig 50) and 
tending to bifurcate beneath the epidermis (pl. 
3, бе. 22), The alveolac, chamber, lumina and 
septal areal apertures are lined with organic 
material (pl. 3, fig. 32), which, it is assumed, 
acted also as cement in the chamber nnd septal 
walls. 

C. rorundata appears to be a variant of C. 
incisa characterized by the development of very 
thick walls and reduced chamber lumina. In 
fully developed specimens the alveolae аге fine, 
Thin, more or less parallel tubes. 

C, otwayensis has a relatively simple pattern, 
with alveolae radiating from the chamber 
lumina in series of 2 or 3 per chamber and 
bifurcating below the relatively thick, simple 
epidermis (pl 4. figs 38, 40). 

C. complanata is а highly complex form, 
with thin epidermis, thick alveolar hypodermis, 
thick septal walls penetrated by areal apertures 
and much reduced chamber lumina. The alveo- 


lae are lined with pseudochitin (pl. 4, figs 42, 
44). 

The nature of the organic cement іх not 
known for any species, Staining did not reveal 
any calcite, as also Found by Murray (19732), 
und pyrite is present as an infilling of the cham- 
ber lumina and alveolae, Hedley (1963) 
described the cement of living agglutinated 
foraminifers ах an acid mutcopolysaccharide 
with organically hound iran, the cement being 
reinforced in Cyclammina by incorporating fer- 
ric iron. The presence of iron ій ану cement 
surviving the processes of fossilization could 
not be confirmed. 


Palacogeographical and palaeoecologicat 
interpretations 

Sediments containing Cyclammina along the 
margin of southern Australia Were deposited 
mainly during the early stages of the final 
separation of Australia From Antarctica and the 
development of the Southeast Indian 
(Southern) Ocean. Rifling was preceded Бу the 
extrusion during the Middle Jurassic of 
tholeiitic dolerites and basalts in Tasmania, 
Antarctica and Kangaroo Island (McDougall 
& Wellman 1976). The Otway Basin was 
initiated in the Late Jurassic or Early Creta- 
ceous by the opening of a long, deep trough 
(“Otway Rift Valley" of Griffiths 1971. р. 77) 
into which а great. thickness of non-marine 
clastic sediments, mainly feldspathic and lithic 
greywuckes, was deposited. This was followed 
hy continued subsidence and sporadic marine 
incursions іп the Gambier and Port Campbell 
Embayments during the Late Cretaceous and 
Palacocene and into rhe Eocene. 

According to Weisse| & Hayes (1972), the 
oldest lineation identified in the Southeast 
Indian (Southern) Ocean is anomaly 21, the 
age of which is 54 m.y. В.Р, or apamaly 22 
(56,5 my. B.P.), so that the formation of the 
normal oceanic crost which recorded the mag- 
netic lineations began in the Late Palaeocene te 
Early Eocene about 55 million years age. 

Rifting and later patterns of sedimentatiari 
were diachronous events progressive from west 
to east (Griffiths 1971, р. 77). Limited marine 


PLATE 5 
Fig. 45, Cyehumonina incisa. (Stache), МЕС Fl01071, King's Park Bore Мо. 2, King's Park Shale, 


Pulavocene, X65. 


Fly. 46. Cyelammina incisa (Stache), NZGS E100894, Demons Bluff, Demon's Bluff Formation, Late 
Eocene, section through chamber wall and chamber lumen, X155, 
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Figure 4. Relationship of number of chambers in last whorl and average diameter. 


influence from the west was experienced during 
the Late Cretaceous, when the seu entered the 
western part of the Eucla Basin (Ludhrook 
1958). the Duntroon Basin (Boeuf. & Doust 
1975) and the Otway Basin (Taylor 1964, 
1971; Ludbrook 1971). 

The Eucla Basin cxpcrieneed an open sea 
environment during the Middle Eocene when 
carbonate sediments containing abundant 
planktonie foraminiters were deposited (Lud- 
brook 1963, 1969. McGowrm & Lindsay 
1969). Middle Eocene sediments in the Gam- 
bier Embayment of the Otway Basin. as exem- 
plified by the Burrungule Member of the Tart- 


waup Formation. are раганс, highly car- 
bonaccous clays and silts with sporadic 
planktonic foraminifers (Ludhrook 1971, р, 


57) and also Сусаттіпа otwayensis. Open 
Sea conditions reached the Port Campbell 
Embayment in the Late Eoeene and the Tor- 
quay Basin shortly before the beginning of the 
Oligocene (Abele et al. 1976). Carbonate 
sedimentation began in the St Vincent Basin in 
the Lite Eoccne. The full extent of the easterly 
transgression did not affect most of the Murray 


Basin and the Bass and Gippsland Basins until 
the Oligocene to Early Miocene (see also 
Deighton er al, 1976, figs, 9-14). 

Cyclaninina Bourished. in the period when 
the Southeast Indian (Southern) Ocean wis 
passing through the immature ocean phase; that 
Is, in the period between the sporadic marine 
ingressions of the Late Cretaceous. und the 
easterly spread of carbonate sedimentation 
extending into the Barly Miocene. 

The occurrence of Сусаніна “рр. in 
southern Australia may be compared with that 
of С. cancellata deseribed by Akers (1954) 
from the Louisiana Miocene where the spevics 
occurs in certain zones with planktonic fora- 
minifers and abundantly in other zones to the 
exclusion of other foraminifers. Studying living 
C. cancellata from the Peru-Chile Trench, 
Theyer (19713) observed that small and com- 
paratively wide forms occur hetween 500 and 
1000 m. with temperatures above 3° to 4 C. 
larger and proportionately narrow forms live 
at between 1000 and about 2500 m, below the 
permanent thermocline and in the oxygen mini- 
mum zone with oxygeu content below 3 mld: 
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specimens living in deeper waters of more then 
1000 m with temperatures below 2°C and oxy. 
sen values above 3 тті decrease. slightly іп 
diameter but widen considerably. 

Gregarious in habit, is is found most ahun 
dantly as u "onesgenus" assemblage (Akers 
19541, or with almost all other genera 
excluded, in. Pilaeocene to Early Focene para- 
Не sediments of the Dilwyn Formation of the 
lor Campbell Embayment, Knight Group of 
the Gambier Embiyment, and іп the Late 
Eocene to Oligocene. Demon's Bluff Formation 
of the Torquay Bisin, In the St. Vincent, Mur- 
ray, Bass and Gippsliind Basins il is associated 
with the cady stages of the diachronous marine 
Mansgressinus ob the Late Focene, Oligocene 
anil Калу Miocene. The sediments іп which 
it is abundant and almost exclusive are usually 
highly curbonaevoust those in which it & 
акене wih other henthonic foraminilers 
lire frequently glaueonitic, They ire all 
assumed lo have heen deposited in shallow 
water, though palarohatbymetric studies have 
not been done in any detail, 

It was this apparently anomalous habitat for 
whal has been accepted as a deep-water genus 
(Brady 1884; Akers 1954; Theyer 197[a, b; 
Boltovskoy & Wright 1976) that Taylor 
(1965) found difficult to aceept. The living 
Суобаттита eancellare is widely distributed in 
oceanic waters OÙ (he continental shelves зі 
depths between 114 and 5500 пі, with а tem- 
peralure range belween 11.6" at depths 278 
шы KN2 m and 1.2° at depth 5800 m in the 
North Pacific Ocean (Akers 1954), It docs not 
occur in Antarctic waters (Theyer, 19718) 
The only species living іп Australian waters is 
C. піса Parr, recovered from depths 155 
and 122 m in bryozoal mud off Maria Island 
and at 128 m off northeastern Гак on 
the continental shelf (Parr 1950), These аге 
shallow occurrences compared with depths of 
from 393 to 1718 т for the widely distributed 
C. eorhicularis Brady and С, pusilla Brady 
dredged Бу BAN.Z. Antarctic Expedition 
(1929-1931) as well as by ийин 
"Challenger", Deutsche Sudpolar and “Scotia” 
Expeditions (Parr 1950, р, 273) 

According to Theyer (19716). С. orhbicularis 
is the most characteristic index of lower buthval 
to upper bathyal zones in the Pacific Antarctic 
Basin. Abundant specimens begin to appear at 
approximately 1800 m and its lower depth limit 
normally Пех between 3500 and 4000 т. С. 
pusilla. which is an index of abyssal depths, 
hecomes. хисап ac 3000-3500 m and dis- 
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appears between 4500 and 5000 m. Tt under- 
вос» size changes which probably parallel those 
ol €. cancellata in the Peru-Chile Trench arca. 

While the bathymetry of the Cyclin 
hearing sediments, particularly ің the Otway 
Basin, and the younger occurrences in the SL 
Vincent and Murray Basins remains to be 
studied, some broad interpretations uf a limited 
area, based on microfaunas CTavlur 197], figs 
10-5 to 10-14) and computerderived recon- 
struchons of the continental margin hased in 
quantitative seafloor spreading data (Deighton 
et al, 1976) have been made. H is, however, 
not possible to compare the patlerns uf hathy- 
metric distribution of southern Australian 
Cyvelammina species with that «described. һу 
Robinson (1970) for Late Miocene tu Hili- 
cene species in Ihe Gull of Mexico. Rebinsan’s 
(Vig. 8) distribution patterns show. thet the 
bathymetric distribution of Сусаніна spp. 
decreased From a dominant abundance іп the 
miler nentic-upper bathyal zone, herween 117 
and 384 m depth, during the Late Miocene 
Barly Pliocene to à normal distribution ol rane 
bul persistent examples trom the lower bathyal 
gone (500 to 2000 m) in the Early Pleistuceme, 

The relevance of Robinson's studies is to shs- 
pel the conviction that the presence of Cvelum- 
типа is indicative of deepwater sedimenturian 
and to emphasise that the use of generic slis- 
iributions in palacoccological interpretations 
must be made with cation, particularly iF іне 
abundance of the generic proup differs 
markedly through time (Robinson 1970) 
Robinson also noted that, ul the generic. level. 
specimens associated with neritic assemblages 
ure usually smaller, lighter in colour, coarser- 
вгипей, and with fewer chambers Ihan those 
associated with bathyal assemblages. In. the 
opinion of Mutruv (1973h) deepwater forms 
of Сусішнтіна are larger. than the shallow 
water representatives, Boltovskoy & Wright 
(1976) show the depth distribution af C'velam- 
mina as from the outer shell to the abyssal 
zone Quoting Sigal (1952), Pokorny (1958) 
and Bettenstacdt (1962). they state that genera 
such as Haplaphragmoltdes, — Wroeliummina, 
Cyclammina and Bathysiphon require little 
oxygen to survive. 

The distribution dul faunal associations of 
southern Australian species are shown in Table 
3. Neritic assemblages in which € velamina is 
associated with planktonic and benthonic, other 
than agglutinated, forms occur principally in 
Late Eocene or younger sediments. Phe two 
species represented in these assemblages, С. 
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EARLY 
incisu and С. rotundata, are In general 
moderately large ta large coarse-grained 


species, the greater proportion of which have 
relatively few chambers (see Table 3 and Fig. 
4). The small fine-grained species С. otwayert- 
sis and C. paupera with fewer chambers and 
the large complex, fine-grained species С, com- 
planata with more numerous chambers are 
restricted to Palücoeene to Middle Eocene 
paralic silts and sandy clays which, in the 
Wangerrip Group at least, are of shallow 
witter origin (Baker 1950), Compared with the 
neritic assemblages the associated microfaunas 
are poor, 

The largest examples of С. complanata were 
recovered fron) the Dartmoor Formation mter- 
sected in 8.7.0.5. Beachport No, І Well and 
[rom outcrops an Glenelg River. Consistently 
large examples of C, incisa were collected from 
the Demon's Blufl Formation а! Mogg's Creek. 
There are no data to suggest that these ure 
deepwater representatives of those occurring at 
other localities. 


Systematic descriptions 
Order FORAMINIFERIDA Eichwald, 1830 
Suhorder TEXTULARIINA Delage & 
Hérourard, 1896 
Superfamily LITUOLACEA de Blainville, 
1325 
Family LITUOLIDAE de Bainville, 1825 
Subfamily HAPLOPHRAGMOIDINAE 
Mayne, 1952 
Genus HAPLOPHRAGMOIDES Cushman, 
1910 
Haplophragmoiles taylori n.sp. 
PL. 2, FIGS 18-20 

Haplophragmoides sp. B. Taylor, 1964: pl 59, 

fig. 4; Taylor, 1945: 151, fig. 4 (За, b), 
Holotype: GSM 64829 (1); figured paralypes 
GSM 64829 (5). 
Type laücality: N.M.D. Ta Trobe No. і Well, 
Princetowr, 38 414975, 143"1024"F, CO- 
LAC 1:250 000 geological map sheet, Core 
538 at 292,61 m, Dilwyn Formation, Palaco- 
cene to Early Eocenc. 
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Material; 244 specimens of which 13 were 
measured as typical; the holotype and 6 рага- 
types from V,M,D. Wangoom No, 6, Core 12, 
596-601 m, Dilwyn Formation, Early 
Eocene; 48 paratypes O.D.N.L, Mt Salt No, 1 
509-590 m, Dartmoor Formation, Palaeocene 
to Early Eocene; 186 specimens ODNI. Mt 
Salt No. 1, 1533-3061 m Sherbrook Group, 
Late Cretaceous. 

Description: Test small, inflated, umbilicate, 
involute to slightly evolute, with 6 to 7 cham- 
hers in the last whorl, sutures straight, deeply 
incised, periphery lobulate, umbilicus deep and 
broad. 

Wall finely agglutinated, Apertural face 
broad, high, aperture ап interiomarginal slit 
without lip or with a slight lip. 

Dimensions: Holotype diameter 0.35, thickness 
0.20 mm; average of 13 uncollapsed specimens 
diameter 0,35; thickness 0.23 mm. 

Remarks: Taylor (1964, p. 564; 1965, p. 151) 
described this distinclive small species of /#ар- 
lophragimotdes, which is common m Late Cre- 
taeeous sediments and occurs also in the 
Palacocene of Бой the Рогі Campbell and 
Gambier Embaymeuts of the Otway Basin. “W ts 
named in his honour 

Distribution; Olway Basin, Рогі Campbell and 
Gambier Embayments — Sherbrook Group, 
Belfast Mudstone und Paarttte Formations and 
their equivalents, Late Cretaceous ( Turonian- 
Santonian (Taylor 1964) j; Wangertip Group, 
Dilwyn Formation, and Knight Group, Dart- 
moor Formation (Late Palaeocene to Early 
Eocene), 


Subfanuly CYCLAMMININAE Marie, 1941 
Genus CYCLAMMINA Brady, 1879 


Cyclammina complanata Chapman 
PL, 2, FIGS 25-30; PL. 4, FIGS 41-44 
Cyeclummina complanata Chapman, 1904; 228, pl. 
22. lig. 7. 
Holotype; ММУ Slide P26049 No, 6, 
Type locality: Brown's Creck, between Rotten 
Point and mouth of Johanna River, 13.6 km 
NW of Cape Otway, 38:46 228, 14323 | 4E, 


PLATE 6 
Pies 47, 44, Cyclammina incisa (Stache), NZGS F100894, Demon's Bluff, Demon’s Bluff Formation. 


Late Eocene, aperlural view showing areal apertures; 1, X65; 3, 


upenural fice, X240. 


enlargement of centre of 


Fig, 48. Cyelimming incisa (Stache), МАСУ F100937, Demon's Bluff, Demon's Bluff Formation, Late 
Eucene, apertural view showing areal apertures and course grains on apertural face, X34, 
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base of Johanna River Sands, ?Palaeocene to 
Early Eocene, 

Material: 101 specimens of which 54 were 
measured and R sectioned. From outcrop— 
Glenelg River (7): from boreholes—O,D.N.L,, 
Mt Salt No, 1, 585-954 m (84); 5.Е.О.5. 
Beachport No. |, 408-603 m (9); BENEL. 
Geltwood Beach No. 1, 579 m (1), 


Description: Test large, composed mainly of 
quartz grains, planispiral, fattened, discoidal, 
partially evolute, with 2 whorls in the mega- 
spheric form and 3 to 4 in the microspheric 
forms chambers б to 16, but 15 or 16 іп the 
fully-grown adult, periphery narrowly rounded, 
very slightly lobulate, umbilicus well-defined, 
shallow, sutures incised, sinuate. 

Wall agglutinated, thick, epidermis thin, 
smoothly finished, imperforate; hypodermis 
thick, alveolar, with a series of parallel alveo- 
luc distal to the septal wall but branching from 
the chamber lumen, all alveolae bifurcating 
just below the epidermis which they da not 
penetrate, the distal ends of the alveolae can 
be seen through the translucent epidermis as a 
fine punctate pattern or when they have been 
exposed by erosion of the epidermis. 

Septal wall thick, arcuate, thickness as much 
as 6 times the interseplal width of the chamber 
[umen at its maximum width in equatorial sec- 
Hon; an section each septal wall showing at 
least 7 more or less parallel alveolat extending 
trom the supplementary apertures. 

Chamber lumen much reduced, curved, both 
chamber lumina and alveolae lined with 
pseudochitin ("tectin", a combination of pro: 
tein and carbohydrate (Hyman 1940) ). 

Apertural face high, more or less flattened 
laterally and rounded at the periphery, covered 
with fine quartz grains and with conspicuous 
supplementary areal apertures, cach swr- 
rounded by a rim. Aperture ап interiomarginal 
slit at the base of the apertural face. 


Dimensions. Holotype diameter 2.0 mm, Of 
54 specimens measured, diameter 0.45 to 3.75. 
average 1.08; thickness 0.18 to 1.12 mm, aver- 
age 0,39 mm: average ratio diameter 7 thick- 
ness 2.821 

Remarks: This is a rare species, occurring only 
from the Palaeocene to ?Early Eocene in the 
Otway Basin, It is à complex form of Сусіат- 
ming With greatly reduced chamber lumina 
and an extensive alveolar. pattern similar to 
that of the Cyclammina pilvoensis Voloshinova 
& Budasheva group (sec Banner 1970, pl 3, 
figs 11, 12: pl, 13, figs 5-7) and Cvelammina 


aff. rani Ishizake (Banner 1970, pl. 13, figs 3, 
4). From its external features it is obviously 
very close to Cyclammina sp. of Chang from 
the Shihliufeng sandy shale of the Liuchungchi 
oilfield, Taiwan (Chang 1956, pl. 1, figs 1-3). 


Distribution: Otway Basin—Dartmoor Forma- 
tion (Palacocene to Early Eocene) and lower 
part of Johanna River Sands (?Late Palaeocene 
to Early Госепе). 


Cyclammina incisa (Stache) 


PL. 1, PIGS 5-8, 13; PL. 3, FIGS 31-35; 

"PIG. 36: PL. 5, FIGS 45, 46; PL. 6, FIGS 

47-49; PL 7, FIGS 50-51; PL. 8, FIGS 

52-53. 

Haplophragmium incisum Stache, 1864: 165, pl, 
21. fig. І. 

Нарйоргаваіцт maoricum Stache, 1964; 166, pl. 
21. fig, 2. 

Cyclammima panpera Chapman, 1904: 229 (in 
рагі). Crespin, 1950: 72, pl. 10, fig, 4 (nat С. 
paupera Chapman, 1904; genau stricto). Rag- 
yall & Crespin, 1955; pl. 7, fig, 4 (not С. 
paupera Chapman, 1904, sensu xtricto). 

Cvyelarimina Inrisa (Sache) Chapman, 1926: 29, 
pl. 2, fig. І. Chapman & Crespin, 1932: 14, pl. 
15. fig 6. Parr, 1938: 89, text fig. 1. Crespin, 
1950; 72, pl 10. fig 3, Raggatt & Crespin, 
1955: pl. 7, fig. 3. Hornibrook. 1961: 30; 
Hornihrook, 1971: 34. text fig. 9, pl. 6, figs. 
R8-91. Cockbain, 1974: 107. figs. 67 ABC, 

Huplophragmium canariense Chapman, 1926: 28, 
pl. 2, hg. 2 (not Normionima canariensis 
d'Orbigny, 1839). 

Cyclumming longlcompressa Chapman & Crespin, 
1930; 97, pl, 5, figs 3. 4. 

FHaplophragmoides cf, incisa (Stache) 
1965: 150, figs 2d, 3 (За, 4a,b). 

Haplophraemeoides cf paupera Taylor, 1965: 151, 
fig, 4 Са, 2b) (not Cyelammina paupera 
Chapman, 1904). 

"Cyelammlna" cf. incisa (Stache) Lindsay & Bon- 
nett, 1973; 33, pl. І, fip 4 

Cyclummina cf. incisa (5шеһе) Quilty, 1974, р. 
33, pl. 1, figs 1-3 (in part), 

Holotype: Slide 64. Naturhistorisches Museum, 

Vienna (Hornibrook 1971, р. 25). 

Type locality: Grid reference Мба/483465 

(1948 ed.) Department of Lands and Survey, 

NZMS І, Te Корара Point, Raglan Harbour 

(Whaingaroa), North Island, New Zealand, 

Whaingaroa Siltstone, Whaingaroan (Early 

Oligocene) (Hortubrook 1971, test fig. 1, рр. 

9-10). 

Material: 702 specimens, of which 390 were 

measured and 10 sectioned, from the following 

localities: Outcrops—topotypes, Raglan Har- 
hour (18). Demon's Bluff (98). Mogg's Creek 


Taylor. 
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(68). Castle Соус (76), Fossil Bluff. (1), 
Abbotsford, New Zealand (2). Boreholes— 
O.D.N.L. Мі Salt No. 1, 719-1115 m (295); 
O.D.N.L. Mt Salt Structure Hole Мо, 1, 226- 
229 m (1): S.E.O.S. Beachport No. 1, 241- 
271 m (161: B.P М.Е, Geltwood Beach No, 1, 
238-277 m (3); E, & W.S. Kingston Мо, 3, 
65-69 m (2); E. & WS. Coonalpyn No. 1 
69-70 m, 105-107 m (2); S. A.M D. Waikerie 
No. 2, (49-152 ny (20); S.A.M,D. Waikerie 
No. 28W. 146-148 m (1): Water Bore Plan- 
tagenet 5666. South Stirling 11.88-21.03 m 
(92), King's Park Ма, 2, 216—219 m (4), 
Parish of Bumberrah (Мело |, 394,7 m (3) 


Description: Adult test of moderne to large 
sive, composed mainly of quartz. grains, with 
usually 4 whorls in the microspheric form, 2 in 
the inegasphene form: 7 to 15 chambers in 
the last whorl, planispiral, biconvex, involut, 
more or less compressed at the periphery 
which is. very slightly lobulale, depressed 
around the rather shallow umbilicus, sutures 
imctsed, straight to slightly sinuate, 

Wall finely agglutinated, thick, epidermis 
thin, fine-grained, smoothly finished in Ime 
sediment bur varying according to the cuarse- 
ness ol the matrix, of uniform texture but for 
seallered large quart? grains, imperforate: 
hypodermis thick, coarse-grained, coarsely 
alveolar, not labyrinthic, the alveolae consist- 
ig Of relatively simple tubes with a single 
conspicnous opening into the chamber lumen 
and bifureating just below the epidermis, 
which they do not penetrate, The distal ends of 
the alyeolae are frequently seen through the 
translucent epidermis of well-preserved speci» 
mens. Alvealae lined with organic material 
ipsendochitin or “есіп”, a combination of 
protein and carbohydrate (Hyman 1940) ), 
and rhe test is probably held together with 
ortanic cement. 

Aperiural face moderately rounded to 
roundly оруй, covered with coarse quartz 
grains between which fine supplementary areal 
apertures are sometimes visible. Aperture ип 
intériomurginal narrow slit at the base of the 
apertural face. 

Septal wall thick, about as wide as the inter- 
septal width of the chamber lumina, ocea- 
sionally perforated Бу the areal upertures. 
Dimensions: Holotype, diameter 1.44 mm, 
thickness 0.90 mm (Hornibrouk 1971). Of 
390 specimens measured, diameter 128 to 
XU mm, megasphenc LIZ mm, average 1,15 
mn thickness 0.15 to 1 75 mm. average 6,54 


mm: average ratio diameter 7 thickness 2.13 І, 
Diameter of early chambers 1.0 to 1.5 mm 
(microspheric), Number of whorls ій carly 
chambers (microspheric form) 3 

Remarks: С. invisa 1s a ubiquitous апа long- 
ranging species with considerable variation in 
shape from fairly flal, mostly due to compres- 
sion, with a diameter 2 thickness ratio of 4.521, 
to the robust form with a ratio of 1,6: 1. Most 
of the topotypes from Rasan Harhour kindly 
lent Ву the New Zealand Geological Survey 
аге rather fattened as compared with the holo- 
type and matched topotype (Hornibrook 1971, 
р. 35, pl, б, figs SR, 91). The specimen NZGS 
Reg. No. ЕР2078 sectioned by Mornihrook 
(1971, text fig, 9) appears to be à megaspheric 
form in Which the chamber lumina have eol- 
lapsed, us Hornibrook suggested. The same 
туре of alveolar pattern is shown in the section 
of the relatively poorly preserved megaspheric 
specimen GSSA Ff632 (pl. 3, бу. 35) anu in 
С. praecancellara Voloshinova as Ruured hy 
Volashinova & Budasheva 1961, pl. 15. fies 4, 
5 and Muylaert 1966, pl 42, figs 1-6. Well- 
preserved specimens (pl. 3, figs 31-33) clearly 
show an alveolar pattern und relative disposal 
of chamber lumina and septal wall of the same 
type as thal of C. all proceunrellanr Volo- 
shinova of Muylaert (1966, pl. 41, figs, 1-7: pl 
42, figs. 7-9; pl, 43, бе. |). The section of C. 
praecancellata illustrated by Cicha & Zapleta- 
lova (1966, pl. 38, fig. 3c) shows a vonsider- 
able reduction of the chamber lumina and nere 
complex alveolar structure which is not readily 
comparable with that of €. incisa. 

The record of the species и! the Late Cre- 
taccous Curdies Formation (Ludbrook 1971, 
lig. 3.3) is based on probable contamination ûf 
cuttings in Mt Salt Мо, І Well from the over- 
lying Dartmoor Formation, 


Distribution: Widespread in southern Australia 
und New Zealand from Cate Palacocene to 
Early Miocene. 


Cyelammina otway ensis nsp. 
Р1.. 2, FIGS 23-25; PL. 4, FIGS 38-40 

Maplophragmoides (апагісіке Chapman, 1904: 
22%, рі. 22, Пи. 2 (mor Nanianina Càanariensxiy 
d'Orbigny, 1839). 

Haplophragmoides complanata Taylor, 1965; [48, 
lies 2 (a-t). 3II. (2) not Cyelammina сот- 
planata Chapman, 1504). 

Holotype: GSSA  Ff608, 

GSSA Fr609, Ff610, 

Type locality: Glenelg River, Victoria, 2,4 km 

downstream from Кага Bridge. 14 km SW 


figured paratypes 
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of Caserron, HAMILTON 1:250 000 geo- 
logical map sheet, 377395678, 1431 1723" E, 
Gambier Embayment, Otway Basin, Dartmoor 
Formation, Palavocene to Early Eocene, 
Material: The holetype, figured paratypes and 
approximately 650 paratypes, of which 172 
were measured and 4 sectioned, from: Out- 
crops—Brown's Creek (5), Glenelg River 
(43); Boreholes—V,M.D. La Trobe No | at 
2987 m (500); SAMD. C.G9, County 
Grey, 28.96-29.26 m (63): O.D. N.L. Mt Salt 
No. |, 585-960 (cuvings 1039-1058 m) (23): 
S.E.O,5, Beachport No. 1, 311-546 m (25), 
Description: Adult test small. moderately 1n- 
flated, composed mainly of fine quartz grains 
with scattered medium grains which have n 
tendency to be arranged radially, planispiral, 
biconvex, involute, with 3 whorls in the mitro- 
sphere form, 24 in the megaspheric form, 7 
to 11 chambers in the last whorl, hul usually 
Я lo 9 In the adult form, sutures moderately 
well-defined, not incised, straight; periphery 
rounded, only slightly or not lobulate, umbi- 
Deus well-defined and relatively deep. 


Wall rather loosely agglutinated, thin, with 
very little cementing material, epidermis rela- 
tively thick, smooth or roughly finished 
according tu the coarseness of the grains of 
the enclosing sediment, imperforate; hypo- 
dermis thin, simply perforated Бу conspicuous 
alveolae having a large opening into the 
chamber lumen and branching distally from 
the chamber lumen to the epidermis which 
they do not penctrate but through which the 
Uistal ends tan be seen in 2 or 3 radiating 
series per chamber. Septal wall moderately 
thin and occasionally punctured hy the sup- 
plementary apertures. Apertural face а 
moderately high rounded arch covered with 
medium quartz grains between which very 
small supplementary arcal apertures are осса- 
sionally visible. 

Aperture a well-defined interiomarginal slit 
at the base of the apertural face, sometimes 
with а slight lip on the absutural side. 

Chamber lumen widely open. 
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Dimensions: Holotype Ff608, diameter 0 75, 
thickness 0.41 mm; paratype Ff609, diameter 
0,85, thickness 0.42 mm; paratype Ff610, diu- 
meter 0.80, thickness 0.40 mm, ОҒ 172 speci 
mens measured, diameter 0,35 |o 0.90 min, 
average 0.64 mm; thickness 0.12 to 0.47, aver- 
іше 0,30 mm: average ratio diameter : thick- 
ness 2 І, 


Remarks: Chapman (1904) identified this 
species as — Haplophragmium — “Canariense 
(d'Orbigny) (= — Nonlonina — edanarlensis 


d'Orbigny, the type species of Haplophrag- 
moldes Cushman, 1910) and figured a speci- 
men (pl, 22, fig. 2) which suggests the pres- 
ence of ulveolue below the epidermis. The 
figured specimen is, unfortunately, not the one 
now on Chapman's slide NMV P26049, but on 
square 33 of a slide GSM 64828 with mounted 
specimens from Chapman's material very 
kindly made available by D, 1. Taylor, there 
are four specimens almost identical with the 
one figured by Chapman, These belong to 
Cyclunmina as the open ends of alvcolae сап 
be seen on the inside of the chamber wall of 
one partially dissected specimen, Taylor 
(1965, р. 157) appears to have overlooked 
Chapman s separation of the species from С. 
complanata and interpreted the specimens on 
square 33 (GSM 64828) as Haplophragmoides 
complanwa He figured as “preservation 
stages" (р. 146, lig, 2а, h, c) three specimens 
from La Trobe No. І Bore at 298,7 т, which 
are here reinterpreted afler examination of 
the specimens as an untogenetic series of С. 
otwavensis. GSM 60464 (Fir. 2a) is a hall 
seclion or “grind” of a pyrite-filled immature 
specimen, GSM 60465 (Fig. 2b) is а partly 
dissected specimen showing the open chamber 
lumina and relatively simple alveolar hypo- 
dermis; and GSM 60466 (Fig. 2c) is a half 
section or “grind” of a pyrite-filled specimen 
on the reverse side of Which the alveolar open- 
ings beneath the epidermis sre visible. GSM 
60466 is similar to the specimen GSSA 
Ff609 figured on plate 2. figure 24. 

The holotype is а rather coarse-grained 
specimen selected from a sample taken from 


PLATE 7 


Fig 50. Сугішптіна incisa. (Stache), NZGS F100894. Demons Bluff, Demon's Bluff Formation, 
Late Eocene, longitudinal view of alveolae from chamber lumen through hypodermis to epi- 


dermis, X550. 


Fig 51. Cvwoelammina incisa (Stache), NZGS F100937, Demon's Bluff, Demon's Bluff Formation, 
Late Eocene, distal ends of alveolae viewed from exlenor Uirough ruptured epidermis, 


X650. 


М. Н. LUDBROOK 


192 


EARLY TERTIARY CYCLAMMINA AND HAPLOPHRAGMOIDES 193 


the Darunoor Formation on Glenelg River 
because of the accessibility of the outcropping 
material. The species 15 very abundant in the 
Palacocene to Early Eocene of the Dilwyn 
Formation іп La Trobe No. І Bore, and com- 
men in the type section (Bore CG9) of the 
Hurrungule Member of the Tartwaup Farma- 
поп, 

The specific name is taken from the Otway 

Basm to which if is restricted on present know- 
ledge. 
Distribution: Otway Basin-Dilwyn and Dart- 
moor Formations (Palaeocene іп Early 
Eocene) and lower part of Johanna River 
Sands (?Palacocene to Early Eocene); Bur- 
rüngule Member of Tartwaup Formation 
(Middle Eocene). 


Cyclammina paupera Chapman 

PL, 2, FIGS 2], 22; 26, 27; PL, 4, FIG, 37 

Cyclamming paupera Chapman, 1904: 229, pl. 22. 
fig. 6, 

Hüuplophragmoides paupera (Chapman) Taylor, 
1965: 151, fig. 4 (ta.b) (пог Cvrlanimina pai 
pera Crespin, 1950:72, pl. 10, fig, 4). 

Holotype: NMV Slide Р26049 No. 5. 

Type locality: Brown's Creek, between Rot- 

ten Point and mouth of Johanna River, 

13,0 km NW of Cape Olway, 38746872275, 

1430237114 E, base of Johanna River Sunds, 

"Palatocene to Early Eocene. 

Material: 86 specimens of which 52 were 

measured, From outerops— Brown's Creek 

(3), Glenelg River (7); from boreholes 

V.M.D. La Trobe Мо, 1 293-299 m 163), 

VMD Wangoom No. 6. 596-600 m (9), 

D.D.N.L. Mr Salt No. 1, 902-957 m (63), 


Description: Adult test small, planispiral, flatly 
biconves, involute or slightly evolute, com- 
posed of fine quariz grains, compressed ta- 
wards the periphery which is acule, rounded 
or slightly lobulate; umhilicus well-defined, 
deep. Six fo twelve chambers in the last whorl, 
but usually 8 to 10 in the adult form: sutures 
mcised, straight or slightly arcuate. 

Wall finely agglutmated, thin, epidermis very 
thin, with fine ulveolae visible through thc 
translucent epidermis when the specimen із 
wel, otherwise apparently absent or poorly 


developed. Septal wall thin. Chamber lumen 
widely open, subtrapezoidal in section, cach 
chamber tends to be set almost above the cor- 
responding chamber of the previous whorl, so 
that both chambers aud septa appear in equa- 
torial section as unbroken radii (pl. 4, fig, 37). 
Apertural face high, narrow, subtriangular, 
covered with fine quartz grains: uperture a 
very narrow interiomarginal slit at the base of 
the apertural face, without lip, 
Dimensions: Holotype diameter 1,08 mm, Of 
52 specimens measured diameter 0.37 to 1.08, 
average 0.52 mm; thickness 0.12 to 0,25, aver- 
age 0,20; average ralio diameter : thickness 
2.6:1. 
Remarks: In texture of the epidermis, in size 
and general shape, С, paupera may be com- 
pared with С. yrange? Finlay, which has a 
similar stratigraphical range of Late Palacocene 
to Middle Eocene (Hornihrook 1968, р, 48). 
С. paupera is flatter and less elevated. around 
the umbilicus, and in С. grange? the alveolar 
pattern as indicated by the distal ends of the 
alveolae visible through the siliceous wall is 
much coarser and таге strongly developed, 
The specimen (CPC 645) figured by Cres- 
pin (1950, рі. 10, fig, 4) is а rather deflated 
example of C. incisa, not unlike topotypes 
Irom Raglan Harbour. The specimen figured as 
Haplophragmoides sp. A (Taylor, 1964, p. 
563, pl. 9, fig. 3) and placed in synonymy 
with Cyelammina ранреға (Taylor, 1955, р, 
151) appears to be а Haplophragmoides and 
not C. paupera, the occurrence of which in the 
Late Cretaceous has not been confirmed, 
Distribution; Otway Basin--Dilwyn and Dart- 
moor Formations  (Palacocene to Early 
Eocene) and lower part of Johanna River 
Sands (?Palaeocene to Early Eocene), 


Cyclammina rotundata Chapman & Crespin 
PL. І, FIGS 9-12, 14-17: IPL. 3, FIG. 36 


Chapman, 1904: 
(not Naniorine lalidorsata 


Haplophragmium latilorsatum 
227, pl. 22, fig. | 
Bornemann). 

Сусаттіна rotundata Chapman & Crespin. 1930: 
96. pL 5, figs 1, 2. Crespin, 1950: 72, pl. 10, 
ligs 5а. Sh. Raggatt & Crespin, 1955: pl 7, figs 
Sa, Sb. 


PLATE 8 


Fig. 52. Cyclammina іпсіха (tache), NZGS F100937. Demon's Віці. Demon's Bluff Formation. Late 
Eocene, alveolue viewed from chamber lumen, X650. | 
big, 53, Cyclammina incisa (Stache), NZGS F100937, Demons Blatt, Demons Bluf Formation, Late 


Focene. epidermis. 2500, 
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Maplophiuenenles retutNalt (Chapman & Cres- 
pin) Taylor, 1965; 153, lig. 4 (49, bd, 

Cvelaoimine cf. inea (Stiche) Quilty, 1974; 12, 
pl. |, figs 1-3 (in part ut beast) 


Mololype; СРС 13. 


Type locality: Мо, І Bore Parish of Bum 
berrah, Metung. Victoria, BAIRNSDALE 
1:250 000 geological map sheet, 37°53°34"S, 
147°50 14 E, at 394.7 m depth, Gippsland 
Basin, Lakes Entrance Formation, Oligocene. 


Material: The holotype and 107 specimens of 
which 93 were measured and 5 sectioned. 
From outcrops—Demon's Blull (4), Castle 
Cove (5). From boreholes—O.D.N.L. Mt Salt 
No. 1 908-1015 m (22), S,E.O.S. Beachport 
No. І 238-271 m (41); New Morphett Street 
and Victoria Bridges, Adelaide, Bore 11 25- 
25.6 m (2), Bore !2 20.1-20.4 m (1), Bore 
14 16.7 17,0 m (2); "Carelew" Bore 2 19.8— 
19.9 m (1), Observation Bore F, Port Gawler, 
253-2545 m (2), Waikerie Bore 28W, 146 m 
(15), Plantagenet Location 5666, South Stir- 
linu, 11.88—21.03 m (33). 


Deswviprionr Adult test of moderate to large 
size, inflated, planispiral, biconvex, involute, 
composed mainly of coarse quartz grains, with 
3 whorls in the microspheric form, 6 to 12, 
rarely 13, chambers in the last whorl, periphery 
rounded, umbilicus searcely or not depressed, 
sutures poorly defined, straight, 


Wall agglutinated, thick, epidermis thin and 
usually coarsely finished with numerous agglu- 
tinated course grains, imperforate; hypodermis 
thick, coarse-grained, alveolar, with я pattern 
of fine roughly parallel alveolac with only а 
slight tendency to bifureate distally beneath 
the epidermis. The distal ends of the alveolae 
are not usually visible through the epidermis, 
Septal wall thick, chamber lumen much 
reduced, 


Apertural face a low arch covered with 

course quartz grains between which small sup- 
plementary areal apertures are frequently 
visible. Aperture a slit at the base of the aper- 
tural face, short and well open in immature 
specimens, 
Dimensions: Holotype diameter 1.4, thickness 
0,52 mm. Of 93 specimens measured, diameter 
0,5 to 2.12 mm, average 1.13 mm; thickness 
0.30 to 1.50 mm, average 0.73 mm. Average 
ratio diameter ; thickness 1.55:1.0. 


Remarks; The specimen. figures as Muplo- 
phragmoides sp. С. (Taylor 1964, р. 564, pl 


79, fig. 5) and placed іп synonymy with 
Сүсіпттіпа rotundata (Taylor 1965, р. 153) 
appears to be а Maplophragniwides and not С. 
(orundara, the occurrence of which in the Late 
Cretaceous has not been confirmed. The record 
of the species im the Late Cretaceous Curdies 
Formation (Ludbrook 1971, fig. 3.3) is based 
on probable contamination of cuttings іп Mt 
Salt No. 1 Well from the overlying Dartmoor 
Formation. 


Distribution; Widespread іп Austrülia and New 
Zealand, associated with С. ciya, From bade 
Palacocene to Oligocene and pessihly. Каму 
Miocene. 
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A NEW SPECIES OF DIPORIPHORA FROM SOUTH AUSTRALIA AND 
GEOGRAPHIC VARIATION IN D. WINNECKEI LUCAS & FROST 
(LACERTILIA: AGAMIDAE) 


BY TERRY F. HOUSTON 


Summary 


A new species of dragon lizard, Diporiphora linga, is described from western South Australia. It is 
closely related to D. winnecki and, in order to facilitate comparison, the geographic variation of 
winnecki is briefly reviewed with the recognition of two distinct races. Notes on the habitats of the 
two species are included. 


